The growth substrate constitutes a major cost in the production of microbial cell mass and bioproducts by the fermentation industry. The expansion of biotechnology will probably create an increasing demand for high-quality microbial growth media and stimulate the search for inexpensive sources. The nitrogen source is usually the most expensive component of bacterial growth substrates, and at present it is supplied by preparations from plants and slaughterhouse waste. Fish waste has been used only to a minor extent despite its availability in large quantities and its low cost. Moreover, fish extracts spoil very quickly (3) and should therefore be an excellent source of nutrients for bacterial growth.
When fish viscera are acidified and stored they autolyze to yield a liquid of soluble peptides and amino acids (4) with high nutritional value (6) . The corresponding peptide-amino acid solution has been used in the present work as the nitrogen source for bacteria, and the growth has been compared with that obtained on a standard microbial growth substrate.
MATERIALS AND METHODS Preparation of protein substrate. Fresh viscera of cod (Gadus morhua) caught in March outside Tromso in Norway were used. The viscera were minced in a meat mincer (Robot Coupe S.A.), and 3% (vol/vol) hydrochloric acid (E. Merck AG, p.a. 37%) was added to give a pH of 2.5. After storage for 1 week in plastic containers at 23°C, the acidified viscera had autolyzed and separated into two phases: a high lipid-water emulsion on top and a major aqueous solution of protein, peptides, and amino acids underneath. The bottom layer was filtered through a Millipore Pellicon Cassette System with a membrane cut-off point of 10 kilodaltons. The permeate was concentrated five times in a vacuum evaporator (Rotavapor-R; Buchi) at 50°C, and the concentrate (now with a pH of 2.8) was stored in glass bottles at 4°C.
Chemical analyses. Dry weight was determined after drying at 105°C to constant weight, and ash was determined after heating dried samples to 570°C for 24 h.
Amino acids were determined in an acid hydrolysate (6 M HCI for 24 h at 110°C) of the sample by using an automatic amino acid analyzer (JLC-6AH; Jeol). Ammonia and free amino acids were collected by the method of Toepfer (7) and determined by using the amino acid analyzer.
Bacterial strains. Growth experiments were carried out with Vibrio anguillarum NCBN 2129 isolated from rainbow trout during a vibriosis outbreak in Norway (1) and with a * Corresponding author.
Proteus sp. (NTHC 153) originally isolated from fish gill (5) and shown to be a potent spoilage organism in fish.
Bacterial culture media and growth conditions. The growth medium for Proteus sp. in the shake culture contained the following (in grams per liter of tap water): glucose, 4; K2HPO4, 1.5; MgSO4 -7H20, 0.6; NaCl, 9; and either Bacto-Tryptone (Difco Laboratories) or the concentrated fish visceral protein autolysate (FPA) in amounts as described below. The MgSO4 solution was sterilized by filtration and added after autoclaving. The pH was adjusted to 7.5 with KOH before autoclaving. The medium for Vibrio anguillarum was the same except that 20 g of NaCl was added per liter and the pH was adjusted to 8.0 before autoclaving.
The cultures were grown in 100 ml of medium in 500-ml Erlenmeyer flasks which were rotated (200 rpm) on a shaking machine (New Brunswick Scientific Co., Inc.). The flasks were inoculated with 5 ml of a culture of bacteria growing on the corresponding medium with either 4 g of Bacto-Tryptone per liter or 10 ml of FPA per liter and incubated at 20°C.
Fermentor cultivation. V. anguillarum was cultivated in a 10-liter Biostat V fermentor (Braun Melsungen AG) at 20°C trated FPA yielded a clear amber solution with high viscosity. After a few days of storage at 4C, a light precipitation occurred, but there was no sign of deterioration even after several months of storage.
Some of the characteristics of the FPA were as follows: dry weight (570 mg/ml), amino acids (391 mg/ml), ammonia (2 mg/ml), ash (71 mg/ml), specific weight (1.19 g/ml), and a pH of 2.8. The amount of free amino acids in the FPA and the amino acid content of hydrolyzed samples of FPA and Bacto-Tryptone, which was used for comparative studies of bacterial growth, are shown in Table 1 .
Growth yield in shake cultures. At all of the amino acid concentrations tested, the growth yield was highest when FPA was the nitrogen source (Fig. 1) . This finding was most pronounced with the Proteus sp., where the growth yield was approximately three times higher with FPA than with Bacto-Tryptone.
An experiment with V. anguillarum clearly showed that growth initiation is much faster with the FPA medium than with the Bacto-Tryptone medium. At most amino acid concentrations it took 2 days to achieve the same growth yield on the Bacto-Tryptone medium as after 1 day on the FPA medium (Fig. 2) .
Growth yield in fermentor. Evaluation of the results. FPA has an amino acid composition which is similar to that of fish muscle (2) , and it does not differ much from Bacto-Tryptone except for its content of hydroxyproline, cysteine, and taurine, which were not found in Bacto-Tryptone. It is unlikely, however, that the superiority of FPA is due to these differences.
Both of the bacteria tested are isolated from a marine environment. Thus, it is possible that the bacteria are adapted to a growth-promoting factor(s) present in fish viscera. Unpublished results, however, indicate that bacteria isolated from a nonmarine environment also grow better on FPA.
At present it is difficult to say which are the essential growth-stimulating factors. Work is being done to verify whether small-size peptides might be the vital factors.
